This study presents the first data on the drought resistance pattern of seven new synthetic 6x primary Tritipyrum amphiploid lines and evaluates their mitotic instability. The primary Tritipyrum lines were crossed with Iranian 6x bread wheat 'Navid' cultivar and their F 1 and F 2 progenies were obtained. Two experiments with complete randomized design were conducted under optimum and limited water conditions to evaluate Tritipyrum-derived genotypes for drought resistance in greenhouse. Under optimum water conditions, grain yield, numbers of grains per spike and harvest index of Tritipyrum-derived genotypes were significantly lower than bread wheat; however the differences were not significant under limited water conditions. These results showed the better responses of Tritipyrumderived genotypes to drought conditions. Evaluation of leaf osmotic and water potentials and drought susceptibility index showed that drought resistance of Tritipyrum and F 1 genotypes was significantly higher than that of bread wheat and Triticale. Cytological investigations showed that Tritipyrum-derived genotypes aneuploidy was significantly higher than Triticale and bread wheat (p<0.05). Mitotic instability in light grains (1000-grains weight < 30 gr) was significantly higher than heavy grains (1000-grains weight > 30 gr) in parental and F 2 genotypes (p<0.01). Aneuploidy has showed a significant negative correlation with fertility, grain yield and 1000-grains weight in Tritipyrum genotypes. In general, Tritipyrum may complement the role of bread wheat in arid and semi-arid regions; but further breeding research is needed to overcome its mitotic instability.
Introduction
Adverse environmental conditions and abiotic stresses are major limiting factors for wheat production in arid and semi-arid areas (Talebi et al., 2009) . Synthesis of 6x amphiploid cereals with higher tolerance against abiotic stresses is needed to supply the increasing world population with the required amount of wheat production (Kamyab et al., 2009 ) in which the introduction of alien genetic material from Thinopyrum genus into wheat through wide crosses has provided increased genetic diversity and thereby an opportunity to improve traits such as drought and salinity tolerance and disease resistance (Allahdoo et al., 2009; Chen Q, 2005; Shahsavand Hassani et al., 2000) .
Primary Tritipyrum lines, which was produced at John Innes Centre, Norwich, UK (Kamyab et al., 2009; King et al., 1997) is the third man made and salt tolerant synthetic crop after Triticale and Tritordeum, to be evaluated for conditions unsuitable for wheat growth, particularly, at the flowering stage (Shahsavand Hassani et al., 2000) . The genetic diversity and adaptation of wheat and Triticale have been studied quite extensively, but such assessments are still far from enough in the case of primary Tritipyrum lines. Improved grain yield is a critical criterion which can be determined by measuring yield components and other closely associated characteristics (Kamyab et al., 2009; Sharma et al., 2003) .
Having disadvantages such as mitotic instability, primary Tritipyrum lines still may not be considered as a commercial salt tolerant crop. Primary Tritipyrum lines tends to suffer problems similar to those of Triticale in its early days, such as chromosome instability and low fertility, which in Triticale were overcome by means of breeding practices Shahsavand Hassani et al., 2000) .
The assessment of today's Tritipyrum situation in comparison with Triticale and the possible problems facing breeders in future is not an easy undertaking. The comprehensive and voluminous work performed on Triticale is manifested interview papers on different aspects of that plant, and shows the importance of this first man-made cereal. With due research, the primary Tritipyrum lines have the same potential to become a success story of another man made cereal (Shahsavand Hassani et al., 2000) .
The aim of this study was to determine the drought resistance and mitotic instability of a number of primary Tritipyrum lines and to evaluate bread wheat/ Tritipyrum progenies potential for drought resistance breeding in 1978), where y D and y P are the grain yields of each cultivar at stress and non-stress conditions, respectively; and D = 1-(Y D / Y P ). Y D and Y P are average yields of all cultivars under stress and non-stress conditions, respectively.
Cytological investigations
For mitotic chromosome counting study, the primary Tritipyrum lines and their F 2 selfing progenies were evaluated in a complete randomized design. The Tritipyrum lines and promising Triticale line were divided into two classes based on their 1000-grains weight (less and higher than 30 gr). 'Navid' bread wheat cultivar was only classified into the heavy grain class (heavier than 30 gr). Grains were germinated in Petri dish and then planted in small pots and allowed to grow to a proper size for chromosome counting. The Chromosome number of all lines was counted in 5 metaphase plates by minor modification of the conventional root tip squash protocol (Oudjehih and Boukaboub, 2000; Oudjehih and Bentouati 2006; Tosun, 1999) .
Statistical analysis
All data were subjected to analysis of variance using SPSS statistical software. Means were separated and compared using Duncan multiple range test (DMRT) at the 0.05 level of significance. Mean differences between light and heavy grains euploids were compared using least significant difference (LSD). Pearson correlation coefficient was calculated between variables (Assad, 1997) .
Results and discussion

Drought resistance
The relative yield performance of all primary Tritipyrum, promising Triticale and bread wheat lines under drought stress and normal conditions is a common starting point in the selection of genotypes for use in breeding in dry environments (Byrne et al., 1995; Rajaram and van Ginkel, 2001 ). Tritipyrum-derived genotypes and bread wheat did not differ significantly in respect to harvest index (p>0.05), grain yield (p>0.05) and biological yield (p>0.05) under stress condition; however the differences were significant under non-stress conditions (Tab. 1 and 2). Tritipyrum-derived genotypes and Triticale did not differ significantly in respect to harvest index under stress conditions (p>0.05). Biological yield and grain yield of some Tritipyrum-derived genotypes were significantly lower than Triticale under stress and non-stress conditions (p<0.05). Under a particular pressure of environmental stress, cultivars with high yield potential produce less then certain cultivars that have lower yield potential but seem to be better adapted to stress (Blum, 2005) . 1000 grains weight of Tritipyrum-derived genotypes was significantly lower than bread wheat and Triticale under stress and nonstress conditions (p<0.05). Number of grains per spike of Tritipyrum-derived genotypes was significantly lower than bread wheat and Triticale under non-stress conditions bread wheat. This study presents the first data on the drought resistance pattern of primary 6x Tritipyrum amphiploid lines.
Materials and methods
The experiment was carried out in the green house and cytogenetic laboratory of department of agronomy and plant breeding, Shiraz University, Shiraz, Iran. (Kamyab et al., 2009; Shahsavand Hassani et al., 2000) . Spikes of seven primary Tritipyrum lines (2n=6x=42, AABBE b E b ) were emasculated and then pollinated with pollen from Iranian bread wheat 'Navid' cultivar, and F 1 seeds of each cross were produced. The seven primary Tritipyrum lines, their F 1 progenies and two controls including promising Triticale 4118 line and Iranian bread wheat 'Navid' cultivar were sown in greenhouse at 5 kg pots in two experiments with completely randomized design with 3 replications and 3 samples in each experimental unit. The soil was loamy clay with a field capacity of 27%. The two experiments differed with respect to their irrigation regimes. Pots were irrigated twice a week to 20% (stress experiment) and 60% (non-stress experiment) of 100% soil water capacity, respectively. Grain yield per plant, 1000 grains weight (gr), biological yield (gr/plant), harvest index and fertility were measured. Fertility was expressed as the number of grains per spikelet measured on the main spike of plant with longest shoot. For drought resistance investigation, leaf water potential and osmotic potential were measured and drought susceptibility index was determined. Leaf water potential (ψ w ) was measured using a PMS pressure bomb (PMS Instrument Co., Corvallis, OR) at stem elongation, booting and flowering stages based on Zadoks's Code (Zadoks et al., 1974) in both experiments. The youngest fully expanded leaf was detached and placed rapidly in a sample chamber and the pressure was recorded. Three randomly selected plants were used for each developmental stage. Measurements were completed between 13:00 and 15:00 o'clock. To measure osmotic potential (ψ s ), the youngest fully expanded leaf was used for each developmental stage. Leaves were placed in plastic bags and rapidly packed in a box in order to avoid water loss as evaporation from the sample, and were maintained at -15°C for five hours. The frozen samples were then thawed for approximately 30 minutes and the freezing point (T) of collected saps was measured using a digital thermometer (Model ET-2001) . The osmotic potential was then calculated (Kramer, 1995) as ψ s = (-T / 1.86) × 2.27).
Greenhouse trials
The drought susceptibility index (S) was determined by S = [1-(y D / y P )] /D equation (Fischer and Mourer, (p<0.01) ; however it was similar to that of bread wheat under stress conditions (p>0.05). Fertility of some Tritipyrum-derived genotypes was significantly higher than Triticale and bread wheat under limited water conditions (p<0.05). The results were in agreement with several studies that indicated grains per spike and spikes per square meter were the yield components most sensitive to drought; while grain weight remains relatively stable (Guinta et al., 1993; Zhong and Rajaram, 1994 stress than that of Tritipyrum-derived genotypes. Yield and yield-related traits under stress were independent of yield and yield-related traits under non-stress conditions (Talebi et al., 2009) . For most cereals grown under waterlimited conditions the crossover occurs at a yield level of around 2-3 t/ha, which is approximately one-third of the yield potential (Blum, 2005 Chromosome counts of 42-chromosome hexaploid Tritipyrum-derived genotypes exhibited a considerable amount (12-32.1%) of instability in the form of aneuploidy. The results were in agreement with Shahsavand and Hassani et al. (2000) ; (1997), Siahsar et al. (2011), and King et al. (1997) . It has been suggested that the screening of larger and heavier grains could give a higher frequency of euploids and grain weight significantly affected mitotic chromosome stability in segregation generations. Similar investigations in other crops displayed a close relationship between grain characteristics and aneuploid frequency (Akgun and Altindal, 2010; Oudjehih and Boukaboub, 2000; Suarez and Favret, 1986; Tosun et al., 2003; Tsuchiya, 1973) .
Conclusions
F 1 genotypes from 6x primary Tritipyrum/6x bread wheat showed acceptable yield components under drought stress and non-drought stress conditions compared with 6x primary Tritipyrum lines (Tab. 1 and 2). Also mitiotic stability of F 2 heavy grains was significantly similar to 6x primary Tritipyrum lines (Tab. 5). Leaf water and osmotic potential and drought susceptibility index indicated better drought resistance of F 1 genotypes than that of their bread wheat parent 'Navid' cultivar. Data showed that hybridization between 6x primary Tritipyrum lines and bread wheat creates unique and novel, promising generations for wheat drought resistance selection and breeding. This study indicated that the yield of primary Tritipyrum lines was equal to that of Iranian bread wheat cultivar 'Navid' and promising Triticale 4118 line under limited water conditions. In general primary Tritipyrum lines may complement the role of bread wheat in arid and semi-arid regions (Kamyab et al., 2009; Shahsavand Hassaniet al., 2006) and is a good genetic resource for wheat breeding (Allahdoo et al., 2009; Chen Q, 2005; Shahsavand Hassani et al., 2000) ; but more breeding research is needed to overcome its mitotic instability by producing the secondary Tritipyrum genotypes via crossing the primary lines with bread wheat cultivar such as 'Navid' .
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The trend of variation in leaf osmotic potential (ψ s ) values in different growth stages for all genotypes was similar to that of ψ w (Tab. 4). Drought resistant genotypes showed lower ψ s values compared with sensitive genotypes (Amiri and Assad, 2005; Blum, 1989; Musick et al., 1994) .
Mitotic stability
Analysis of variance indicated that the effect of grain weight on mitotic chromosome stability was significant. There was a significant difference (p<0.01) between euploid plants means within light and heavy grains of Tritipyrum derived genotypes and Triticale (Tab. 5). The distribution of monosomic, trisomic and nullisomic plants among light-and heavy-grain genotypes was provided in Tab. 6. Other types of aneuploid seedlings were rarely observed. Similar observations have been reported in Triticale (Akgun and Altindal, 2010; Tosun et al., 2003) . Euploid seedlings means among light grains of all Tritipyrum-derived genotypes (parental Tritipyrum lines and F 2 progenies) were significantly lower than Triticale. Euploid seedlings means among light grains of four F 2 progenies were significantly (p<0.05) lower than their parental genotypes. Chromosome number investigation of the light-grain class showed that Tritipyrum-derived genotypes were significantly more mitotically instable than Triticale and four F 2 progenies were significantly more mitotically instable than their parental Tritipyrum genotypes.
Euploid seedlings means among heavy grains of all Tritipyrum-derived genotypes (parental Tritipyrum genotypes and F 2 progenies) were significantly lower than Triticale and bread wheat as control. Euploid seedlings means among heavy grains of F 2 progenies showed no significant difference with their parental Tritipyrum genotypes. These data showed that grain weight positively affected chromosome stability in segregation generations (Akgun and Altindal, 2010; Oudjehih and Boukaboub, 2000; Suarez and Favret, 1986; Tosun et al., 2003; Tsuchiya, 1973) .
Fertility, 1000 grains weight and grain yield of Tritipyrum-derived genotypes have shown a significant negative correlation (Tab. 7) with mitotic instability (Elneskog Staam and Marker, 2002) . Tritipyrum-derived genotypes' fertility had a significant positive correlation with their 1000-grains weight and grain yield (Kamyab et al., 2009; Shahsavand Hassani et al., 2000) . 
